Background: Massive efforts in Canada have been made to renew primary healthcare. However, although early evaluations of initiatives and research on certain aspects of the reform are promising, none have examined the link between patient assessments of care and health outcomes or the impacts at a population level. The goal of this project is to examine the effect of patient-centred and effective primary healthcare on the evolution of chronic illness burden and health functioning in a population, and in particularly vulnerable groups: the multi-morbid and the poor. Methods/Design: A randomly selected cohort of 2000 adults aged 25 to 75 years will be recruited within the geographic boundaries of four local healthcare networks in Quebec. At recruitment, cohort members will report on socio-demographic information, functional health and healthcare use. Two weeks, 12 months and 24 months after recruitment, cohort participants will complete a self-administered questionnaire on current health and health behaviours in order to evaluate primary healthcare received in the previous year. The dependent variables are calculated as change over time of functional health status, chronic illness burden, and health behaviours. Dimensions of patient-centred care and clinical processes are measured using sub-scales of validated instruments. We will use Poisson regression modelling to estimate the incidence rate of chronic illness burden scores and structural equation modelling to explore relationships between variables and to examine the impact of dimensions of patient-centred care and effective primary healthcare. Discussion: Results will provide valuable information for primary healthcare clinicians on the course of chronic illness over time and the impact on health outcomes of accessible, patient-centred and effective care. A demonstration of impact will contribute to the promotion of continuous quality improvement activities at a clinical level. While considerable advances have been made in the management of specific chronic illnesses, this will make a unique contribution to effective care for persons with multiple morbidities. Furthermore, the cohort and data architecture will serve as a research platform for future projects.
Background
Canadian provincial and federal health commissions have concluded that a strong primary healthcare foundation is the key to a sustainable health system [1] [2] [3] [4] [5] [6] . Ecologic studies suggest that regions with robust support in primary healthcare have better health indicators, such as longer life expectancy, lower all-cause mortality, better health equity [7] [8] [9] [10] [11] [12] [13] and show better intermediate outcomes of care.
For the purposes of this research we use "primary healthcare" in its narrow sense to refer to primary medical care, provided in organizational models composed minimally of family physicians or generalists, who may or may not be working with other health and social services professionals.
The goal of primary healthcare is to optimize health and functional health through activities of timely diagnosis and treatment, clinical disease prevention, health promotion and support during rehabilitation and palliative care. Through effective care, clinicians can help patients adopt more positive health behaviours [14, 15] , avoid morbidity [16] [17] [18] and improve functional health even in the face of prevailing disease [15] . As patientcenteredness is the core value of care delivery among primary healthcare professionals [19, 20] , this research includes dimensions of primary healthcare identified as being "person-oriented": [21] accumulated knowledge of the person (relational continuity), interpersonal communication, shared decision-making, and respectfulness.
While quality and effectiveness of healthcare is usually measured by provider's compliance with established norms for defined conditions, this research focuses on quality as it relates to the person-centeredness of clinical processes and approaches and their impact on functional health and health behaviour [22] [23] [24] [25] .
Functional health is the extent to which an individual perceives that physical or mental health limits his/her capacity to carry out daily activities and social roles [26, 27] . Functional health declines with increasing chronic illness burden [28] [29] [30] . The repeated Canadian Community Health Surveys (CCHS) demonstrate that the population prevalence of chronic illnesses is increasing [31, 32] but provide little insight about how the increase of illness burden in individuals is dynamically related to functional health. Functional health can improve through self-management and self-efficacy to change negative health behaviours and adopt positive ones [30, 33] .
Although health behaviour change is influenced by multiple factors, there is relatively strong evidence that physicians' recommendations and reinforcement have a strong influence on such changes, e.g. smoking [34, 35] , alcohol consumption [36] [37] [38] , regular exercise [39] [40] [41] [42] and healthy weight. In this research we will study both health behaviour status and intention to change.
There are groups of patients who are at high risk of health deterioration and may be particularly vulnerable to problems in the organization of healthcare such as the multi-morbid and the poor and consequently, most likely to benefit from patient-centred care. Our rough estimates suggest that the population prevalence of multi-morbidity increases by 1% per year of age [43] [44] [45] [46] [47] . Multi-morbidity is a major issue for primary healthcare providers [43] as research shows clear associations between multi-morbidity and the experience of unfavourable outcomes. We also found a clear association between illness burden and functional health and psychological distress [48] [49] [50] [51] [52] .
Poverty is a state of material and/or social deprivation that limits the capacity to mobilize resources to achieve well-being [53, 54] . The way care is delivered has a large impact on the effectiveness of care that the poor receive. Although ecologic studies suggest that primary healthcare can improve health inequity in the population [7, [9] [10] [11] [12] [13] , the demonstration for what impact this may have can only be made through the longitudinal followup of individuals.
The underlying premise of this research is that patient-centred and effective primary healthcare can maximize functional health, in general, and particularly in vulnerable groups, such as those with a high burden of chronic illnesses and the poor. We will longitudinally follow the health and healthcare experience of individuals: 1) to describe changes in functional health, chronic illness burden and health behaviours; 2) to examine the impact of patientcentred and effective primary healthcare on functional health and other outcomes of interest (health behaviours, chronic illness burden, health service utilization); and, 3) to explore the relationships between intermediate outcomes and individual characteristics, and functional health.
Methods/Design
The proposed study is a cohort of 2000 adults aged 25-to-75 years followed for 4 years. The target population is community-dwelling adults undifferentiated by disease, who would seek primary healthcare locally, do not suffer from major cognitive impairment, and are able to respond to written and oral questions in English or French. Participants will be randomly selected within the geographic boundaries of four local healthcare networks in metropolitan, rural and remote urban agglomerations of Québec. At recruitment (T 0 ), cohort participants will report on socio-demographic information, functional health and healthcare use. Two weeks (T 1 ), 12 months (T 2 ) and 24 months (T 3 ) after recruitment, they will complete a self-administered questionnaire on their current health, health behaviours and primary healthcare experience in the previous year. Use of medical services will be confirmed through the review of administrative databases.
Participants will be recruited through a telephone survey with a two-stage sampling design. Following first contact, staff will select the adult in the household with the most recent birthday [55] . Participant contact information will be sent to the research team (independently of data), who will then mail a "welcome package" containing a consent form, questionnaires and a postage-paid return envelope. Phone contact will follow to review the consent form and respond to questions.
Follow-up and cohort maintenance
The principal threat to the internal validity of a cohort design is the differential loss to follow-up. We will optimize cohort maintenance and subject retention by using newsletters and greeting cards but do expect some attrition between recruitment and the return of the T 1 questionnaire, and over time [55] . To have 2000 subjects at T 3, we will initially over-recruit by 20% (2400 at T 1 ).
Data collection
Patient self-report questionnaires T 0 Demographic data and information on functional health and use of health services over the previous year collected at T 0 will reduce the later response burden and provide valuable information on patients lost to follow-up, namely age, gender, language, education, perceived income adequacy, usual source of primary healthcare and the strength of affiliation, and overall assessment of health. T 1 , T 2 , and T 3 The self administered questionnaire containing approximately 160 questions will be available on paper (mailed) or internet. Since online responding allows for immediate data capture and built-in quality checks, we will strongly encourage this modality [56] . Respondents with chronic diseases will respond to an additional set of 32 questions. Overall, it takes approximately 50-70 minutes to complete (general vs. chronic disease) [57] . We used validated subscales where possible, as outlined in Table 1 , and described in detail below for key components.
We will apply the Dillman method [58] to maximize response to questionnaires at T 1 , T 2 and T 3 : a personalized reminder/thank you note (postal or e-mail) at 2 weeks, followed by a re-mailing of the questionnaire to non-responders at 4 weeks, followed by a reminder to continued non-responders at 6 weeks and a phone call at 8 weeks. Compensation will be mailed with the questionnaire to enhance response [59] . Subjects will be considered lost-to-follow-up after eight weeks of nonresponse or explicit refusal to continue to participate.
Administrative medical services
We will use administrative medical services data from the Quebec healthcare insurance agency (RAMQ) to identify emergency room visits, hospitalizations and specialist visits, as secondary outcomes of interest.
Outcomes of interest
The advantage of a prospective cohort design is the capacity to examine multiple outcomes of interest; some of which may be conceived as independent or mediating variables for other outcomes. Due to space limitations, we only provide operational definitions for functional health, our main dependent variable and two other intermediate outcomes: chronic illness burden and health behaviours. Figure 1 displays the conceptual model of the study. Table 1 provides an overview of the operational definition and available metrics of all outcomes measured when it applies.
Functional health
The main dependent variable in this project is functional health status measured with the second version of the Short-Form-12 survey (SF-12v2) [60, 61] . It distinguishes between degrees of good health and poor health [62] and is sensitive to mild changes in illness burden [63] . It will allow us to examine the physical component, the mental component and overall assessment of health status separately. Functional health status is elicited by questions on physical health (physical functioning, role limited by physical capacity, bodily pain, overall health) and mental health (emotional health, vitality, social functioning, role limited by emotional state) in the last 4 weeks.
Chronic illness burden
We will measure illness burden using the validated Disease Burden Morbidity Assessment as this tool provides us with more sensitive and specific data than chart reviews [64] . For each of 22 physical and mental conditions diagnosed by a health professional, the person reports the extent to which the illness interferes with daily activities. Changes in score reflect both number of diseases and their perceived impact on daily living; consequently, both increases and decreases can occur over time.
Health behaviours
We will measure the presence and intensity of health behaviours (vegetable consumption, smoking, alcohol consumption, healthy weight and physical activity) using validated sub-scales from the Behaviour Risk Factor Surveillance System Questionnaire [65] , from the Enquête Saguenay-Lac-St-Jean 2007 [66] and other regional surveys, and the CCHS questionnaire. We propose a summary score of health behaviour status, with negative scores for negative health behaviours and positive scores for positive health behaviours, ranging from -8 to 6. In addition, we will measure self-reported intent to engage in or adopt each healthy behaviour, using a single-item five-point response scale [67, 68] that maps validly to the stage-of-change model [69] and has been linked to both functional health and future behaviour [70] [71] [72] . The intention scores used in this model predict long-term behaviours and are less labile than actual behaviours.
Predictor variables
The main independent variable of interest is the patient's reported experience on the different Subject is asked to report whether a health professional has diagnosed the listed condition and to estimate the extent to which it interferes with his daily activities on a Likert scale ranging from "not at all" (1) to "a lot" (5). 0 = condition not diagnosed. Though theoretically scores range from 0 to 125, in practice the maximum is 50 [64] . Compared to chart reviews, self reports of conditions have a median sensitivity of 75% and specificity of 92%. Self-reported scores correlate more closely to functional health than chart measures of multi-morbidity [64] .
No population norm exists but in elderly persons the average score was 13.9 with a maximum of 51 [64] . Multi-morbid individuals are those with a score of ≥10. Compared to chart reviews, self reports of conditions have a median sensitivity of 75% and specificity of 92%. The score correlates more closely to functional health than chart measures of multi-morbidity [64] .
Health Behaviours
Body Mass Index: BMI Height, weight (2 items). Normal Body Mass Index (BMI) = 19-24.9 kg/m². Scoring ranges from 1 (ideal weight for height) to -3 (morbidly obese BMI > 35 kg/m²). Among those above ideal weight: intention to engage in weight change over the next 6 months. [68, 72] (1 item). Though not specific to any particular psychiatric disorder" most psychiatric patients score high on these measures and it discriminates well between mental illness severity [85, 86 ] α = 0.89.
Fruit and vegetable consumption

Use of specialists and specialty testing for common conditions
Administrative database.
Hospital emergency room use Administrative database.
dimensions of patient-centred and effective primary healthcare received from the regular provider over the previous 12 months, elicited at T 1 , T 2 , and T 3 . In addition, we are interested in the confounding and modifying effects of individual characteristics, especially multimorbidity and poverty, but also other characteristics such as age effects and social support. The operational definition, sub-scale and available metric properties of these variables are outlined in Table 2 .
Patient-centred care
Our principal measure is the Perception of PatientCentred Care [73] , adapted for usual care rather than for a single visit. We will further supplement this by exploring related dimensions such as relational continuity [74] , interpersonal communication [74] , shared decision-making and respectfulness [75] . All subscales refer to usual care. They are principally informative and accurate in identifying those who have a negative experience.
Effective care
Dimensions of effective care are patient perceptions of accessibility, coordination, prevention and health promotion, chronic illness care and patient safety, over the previous 12 months. We will measure accessibility through experienced timeliness of first contact care for urgent (but not emergency) problems [76] , organizational flexibility for accommodating urgent care [77] , and overall organizational accessibility [74] . Coordination is measured only in those who have seen more than one provider and measures the extent to which care is experienced as connected and coherent [78] .
Measures of prevention and health promotion are measured by patient recall of the provider conducting specific clinical preventive activities and addressing the life-style habits we are measuring in our health behaviour score. The chronic illness care scale measures the extent to which elements from the Chronic Care Model [79] have been implemented by all the providers [80] . Finally, patient safety is measured by using indicators of medication errors and the receipt of risk-reduction, clinical and educational manoeuvres.
Multi-morbidity
will be inferred from the validated Disease Burden Morbidity Assessment [64] . Based on our conception of multi-morbidity, we propose an operational cut-off score at >10, corresponding to several diseases with minimal impact on daily living or at least two with major impact. However, a secondary objective of our analysis is to identify the threshold which is most sensitive to declining functional health, reflecting the current stage of development of multi-morbidity.
Poverty
will be based on the Statistics Canada low income cutoff for households, adjusted for household composition [81] . This corresponds to family incomes where the expected expenditure on food, shelter and clothing is 20 percentage points higher than for the average family. We will also generate a composite score of economic vulnerability using highest educational achievement, employment status, housing, per capita household income and perceived income adequacy.
Analysis
The unit of analysis is the individual patient followed over the study period. We will conduct cross-sectional analysis to evaluate the comparability of our study sample with CCHS samples for Quebec and Canada. We will also confirm previously-described relationships between individual characteristics and chronic illness burden, health behaviours and functional health, as well as cross-sectional associations with healthcare.
To estimate the degree of changes in health and health functioning over time (objective 1), we will estimate annual increase in chronic illness burden, changes in health behaviours score and in functional health, which is assumed to follow a Poisson distribution.
To test our hypotheses about the effect of personcentred and effective primary healthcare on changes in 
Patient-centred care
The score for each care dimension is calculated as the mean and then standardized to a 0-to-10 metric.
Relational continuity:
A therapeutic relationship between a patient and one or more providers that spans various health care events and results in accumulated knowledge of the patient and care consistent with the patient's needs.
Duration of the relationship -<1 year, 1-3 years, > 3 years (1 item). Primary Care Assessment Survey (PCAS) [74] . Contextual Knowledge of Patient sub-scale (5 items). Rating of regular doctor's knowledge of whole medical history, personal situation, and values on a Likert scale from "poor" (1) to "excellent" (6) . α = 0.90.
Interpersonal Communication:
The ability of the provider to elicit and understand patient concerns, explain healthcare issues.
PCAS Communication Scale -(6 items).
Rating of quality of thoroughness of history taking, listening skills, explanations on a Likert scale from "poor" (1) to "excellent" (6) α = 0.93.
Shared-decision making and empowerment:
Ongoing cooperative process between patients and providers to define goals, identify strategies, assume responsibility for implementation of decisions and share accountability for outcomes.
Interpersonal Processes of Care (IPC) [75] . Patient-centred decision making sub-scale (4 items). Empowerment sub-scale (5 items). Frequency of self-efficacy support from providers for self-management and healthy lifestyle on a Likert scale from "never" (1) to "almost always" (5) α = 0.91.
Respectfulness:
The extent to which health professionals and support staff meet users expectations about interpersonal treatment, demonstrate respect for the dignity of patients and provide adequate privacy.
Interpersonal Processes of Care [78] .
Office staff respectfulness sub-scale (4 items) on a Likert scale from "never" (1) to "almost always" (5) α = 0.93.
Patient perception on quality of care -Physical facilities -ratings of physical facilities including cleanliness and privacy.(3 items).
Effectiveness of Care
First-contact accessibility:
The ease with which a person can obtain needed care (including advice and support) from the practitioner of choice within a time frame appropriate to the urgency of the problem.
Haggerty, Levesque & Roberge 2007 (unpublished) (5 items).
First-contact accessibility consequences due to accessibility barriers.
Organizational accessibility or accommodation:
The way primary healthcare resources are organized to accommodate a wide range of patients' abilities to contact healthcare providers and reach healthcare services. (The organization of characteristics such as telephone services, flexible appointment systems, hours of operation, and walk-in periods).
Haggerty, Levesque & Roberge 2007 (unpublished) (7 items).
Measure of capacity of regular clinic to adapt to clients' ability to obtain services and differences in problem urgency. α = 0.68. PCAS Organizational access sub-scale (5 items). Rating of opening hours, ability to reach clinic by telephone, wait time for appointment on a Likert scale from "poor" (1) to "excellent" (6) α = 0.83.
Overall coordination of care between providers: The delivery of services by different providers in a timely and complementary manner such that care is connected and coherent.
Veterans Administration Outpatient Customer Satisfaction Survey [78] . Overall coordination sub-scale (6 items). Behavioral Risk Factor Surveillance System (BRFSS) Questionnaire -CCHS p.67 -84 (6 items). Self reported occurrence in period of time corresponding to prevention guidelines. Good reliability and validity, except mammogram, pap smear, and cholesterol where reliability and validity is only moderate [84] . Adapted list from the Primary Care Assessment Tool (PCAT) comprehensiveness sub-scale (6 items). Recall of regular provider assessing risk for and giving advice about eating habits, alcohol consumption, smoking cessation, occupational risks, prevention of falls, emotional health, family violence on a scale of "definitely not" (1) to "definitely (4).
Chronic Illness Care: Care for chronic illness that is patient-centred, proactive, planned and includes collaborative goal setting; problem-solving and follow-up support.
Patient Assessment of Chronic Illness Care (PACIC) [80] . Sub-scales for Activation, Goal setting and Problem solving-reported frequency of provider actions and planning around self-care for chronic conditions (10 items) α = 0.82, 0.84, and 0.90 respectively (includes elements of shared-decision making). functional health, health behaviours and intention to change (objective 2), we will use Poisson or ordinal logistic regression. First, we will use separate regression models to estimate the effects of patient-centred primary healthcare at T 1 on outcomes of functional health, chronic illness burden and health behaviours at T 2 or T 3 . We will examine the effects of individual healthcare dimensions as well as global healthcare scores to better understand the relationships with outcomes. We will examine the presence of effect modification by multimorbidity and of poverty by testing first-order interaction terms between healthcare and multi-morbidity/poverty in the regression model. Second, we will use structural equation modelling and path analysis (LISREL) [82] to examine the relationships between the different dependent and independent variables (objective 3). For instance, we will test the paths by which chronic illness burden and health behaviours affect functional health, finding which variables mediate these relationships. We will look for the best explanatory model by comparing the Chi-square statistic of nested models as well as goodness of fit indices, such as the Comparative Fit Index (values of 0.90 indicate good fit) and the Root Mean Square Error of Approximation (RMSEA, values lower than 0.08 indicating acceptable fit) [83] .
Sample size and statistical power
The sample size for this cohort is driven by the minimal size we need to detect a change in chronic illness burden and health behaviour change in 24 months. Estimates of incidence of chronic diseases vary by source, but in general we estimate that the annual incidence of having at least one of the physical or mental chronic illnesses of interest is approximately 100 per 1000. Assuming that incidence rates follow a Poisson distribution, a sample size of 2000 gives us 80% power to detect a rate difference of 18/1000 with α = 0.05 between any of our subgroups of interest. For path analysis, statistical power is a function of the number of variables in the model and the number of paths to be examined. Rule of thumb is that there should be 20 subjects per parameter. This sample size allows us to detect small size effects (β~0.15) in our paths of interest while controlling for individual variables.
Ethical considerations
Participation in the research has minimal risks. Major ethical concerns are ensuring confidentiality and maintaining participation throughout the study period. Nominal information will be stored separately from data, and only the project coordinator and principal investigator will have access to the link between nominal information and the unique study identification code. The individual's right to withdraw partially or completely will be reiterated at each new data collection effort. The consent form, which explicitly states that the study is to be carried out over several years and consists of independent consents, was approved by the scientific and ethics committees of the Centre de santé et de services sociaux de Chicoutimi, as well as the Research Ethics Committee of Hôpital Charles Lemoyne.
Discussion
A study that follows the experience of a population sample over time will provide new and valuable information on the effectiveness of care in the population rather than in clients of selected care models. The study of how experience of primary healthcare evolves over time will be of specific value to decision-makers who implement system changes and will contribute to new knowledge in the area of measurement of healthcare experience. Focus on the patient's perspective is particularly relevant in an era of greater accountability to citizens, and reinforces the value base of primary care. Knowledge on the impact of introducing new models and on systemic effects of local configurations of healthcare and clinical governance in a population will shed new light on this issue. Repeated prospective measures provide richer information than a series of cross-sectional studies or retrospective designs. They will also generate new knowledge about the direction of relationships between care processes, patient evaluations, and individual characteristics, especially about how vulnerable persons navigate in the systems.
Strengths and limitations
A longitudinal cohort is vulnerable to selection bias through differential loss-to-follow-up. We will collect health and socio-demographic information at recruitment to assess the extent of differential loss-to-followup and will conduct sensitivity analysis to examine the impact of differential losses on inferences. Some volunteer bias is also likely to occur at recruitment, however, affecting population representativeness but not the validity of analytic inferences.
Response fatigue could lead to loss-to-follow-up and information error. However, response burden needs to be weighed against the strength of a cohort design that allows us to explore various outcomes over time gaining further specificity through repeated measures.
Overall, limitations and methodological challenges are far outweighed by the unique strengths of a longitudinal cohort. It is the only design that will provide the required information on the temporal direction of effects and explore a broad set of relationships. The focus on global illness burden and all types of firstcontact access is not only highly relevant to primary healthcare practice and policy, but also allows us to detect important effects despite the modest cohort size.
Relevance and implications
To our knowledge this cohort is unique in Canada, and is also expected to yield results that are relevant internationally. Results will provide valuable information for primary healthcare clinicians on the course of chronic illness over time and the impact on health outcomes of accessible, patient-centred and effective care. A demonstration of impact will contribute to the promotion of continuous quality improvement activities at a clinical level. Finally, while considerable advances have been made in the management of specific chronic illnesses, this will make a unique contribution to effective care for persons with multiple morbidities.
